Background: In the Netherlands, human papillomavirus (HPV) vaccination is part of a national program equally accessible for all girls invited for vaccination. To assess possible inequalities in vaccine uptake, we investigated differences between vaccinated and unvaccinated girls with regard to various characteristics, including education and ethnicity, (both associated with non-attendance to the national cervical screening program), sexual behaviour and knowledge of HPV.
Immunisation Program in 2010. In 2009, girls aged 13 to 16 years were offered this vaccine during a "catch-up" vaccination program where the uptake amounted to 52% [9] . HPV vaccination uptake depends on diverse factors. In the United Kingdom, schoolgirls from ethnic minorities had a lower vaccine uptake and in the United States, girls with lower socio-economic status were less likely to take up the full 3 doses of the vaccine [10, 11] . In the Netherlands, a cervical cancer screening program runs since 1976. Currently, the program provides organized cervical cytological screening every five years for women aged 30-60 years. In 2005, there was a 65% attendance to the cervical screening program [12] . However, when including opportunistic screening figures, the overall coverage for cervical screening amounted to 77% nationwide [13] . It has been shown that in the Netherlands, socio-economically disadvantaged women and women of non-Dutch nationality attend the national cervical screening program less frequently [14] . More than half of the cervical cancers are diagnosed in women who do not attend the Dutch screening program [15, 16] . Reducing the occurrence of cervical cancer might thus be hampered if girls who tend to decline HPV vaccination now are also screened less often in the future. This might lead to inequity, i.e. unequal fairness or justice in the way people are treated.
Prior to introduction of vaccination, some studies have reported on girls' intention to be vaccinated [17] [18] [19] . However, little is known about the characteristics of girls in relation to actual HPV vaccination uptake [20, 21] . This study aims to explore differences between vaccinated and unvaccinated girls with regard to characteristics such as education, ethnicity, (sexual) risk behaviour and knowledge of HPV. Understanding the features of these two groups could provide insight in future vaccine and screening targeting efforts.
Methods

Study population and study design
A nationwide self-reported cross-sectional study of 16-17-year-old girls was performed in the Netherlands in December 2010. A random sample of 19,939 girls born in 1993, invited for the HPV catch-up vaccination campaign in 2009 (9992 vaccinated and 9947 unvaccinated), was selected from the national vaccination database (Praeventis) held at the National Institute for Public Health and the Environment (RIVM) [22] .
A semi-structured questionnaire was developed, pretested and applied to the study population via online research survey software (EFS Survey version 8.1, Unipark (Questback)). The questionnaire contained pre-coded questions on the following topics: Socio-demographic: education level (girl and parents), ethnicity (Dutch, Turkish, Moroccans, Surinamese, Antilleans, Arubans and other), religion, alcohol and smoking behaviour. Sexual behaviour: e.g. ever have had sexual contact (vaginal or anal), age of sexual debut, use of contraceptives (especially condom use), number of sexual partners, type of current partner (steady/ casual) and history of STI. HPV knowledge and HPV vaccination: e.g. modes of transmission, protection level of HPV vaccination, risk of infection and participation in the cervical cancer screening program. Each girl selected for the study received an invitation by post with an information letter for the girl and one for her parents/caretakers, and a link and a unique code to access the online questionnaire. The questionnaire took approximately ten minutes to fill out and the information was processed anonymously.
This research was performed according to the principles contained in the Declaration of Helsinki [23] . The Dutch Central Committee on Research Involving Human Subjects (Centrale Commissie Mensgebonden Onderzoek (CCMO)) decided that the nature of the study did not require mandatory approval of a competent medical-ethical review committee, in agreement with the Dutch Medical Research involving Human Subjects Act. The CCMO allowed to receive consent from the participating girls through the online system (no written consent from the girls or their parents was required).
Statistical analysis
Differences in socio-demographic characteristics, sexual behaviour and knowledge of HPV between vaccinated and unvaccinated women were compared in contingency tables using χ 2 test. Socio-economic status was also assessed using the 'status score' computed by the Dutch Institute for Social Research (SCP, www.scp.nl), as a proxy for socioeconomic status (SES). This score takes into account the average income per household in a given postcode area as well as the percentage of households with low income, without a paid job and with low education level. The lower the score is, the higher the socioeconomic status [24] . Knowledge scale composite scores were calculated assigning a point for each correct answer to 8 general knowledge questions (0-8) (general knowledge score) and to 10 questions on HPV transmission knowledge (0-10) (transmission knowledge score). Mean scores were compared for vaccinated and unvaccinated girls by a t-test. Significance was determined at the 5% level (P-value ≤0.05).
Variables associated with vaccination status found to approach significance (P-value ≤0.1) were fitted in a multivariable logistic regression model. The strength of the associations was expressed as crude odds ratios (OR) in univariable analysis and as adjusted OR (aOR) in multivariable analysis, comparing vaccinated vs. unvaccinated girls. Two models were carried out: one including the total sample of girls and the second comprising only sexually active girls. The final models included those factors that remained significant (P-value ≤0.05) after backward selection and those found to change the OR of other variables by at least 10%. Analyses were conducted using software packages from SAS 9.2 (SAS Institute Inc. 2010, USA).
Results
Socio-demographic and sexual behaviour characteristics
A total of 2989 females (15% of invited participants) aged 16-17 (median 17) participated in this study. Among them, 65% received at least 1 HPV vaccination and 35% received none. The distribution of most characteristics was similar between vaccinated and unvaccinated girls (Tables 1 and 2 ). However, vaccinated girls were more likely to live in low urbanised areas and less likely had a religious background. Amongst those who professed a religion, vaccinated girls were more often Catholic while unvaccinated girls were more often Protestant Christian. The vaccination status between the different non-Dutch ethnic subgroups was similar (P = 0.833), they were therefore grouped together into a "non-Dutch" ethnic group for analysis. Ethnicity was not associated with vaccination status (Table 1) . Drinking alcohol was reported more by vaccinated girls as was the use of contraceptives (Table 1) . A slightly higher percentage of vaccinated girls were sexually active but amongst them a lower mean total number of sexual partners in their lifetime was identified. Except for the higher percentage of female partners in the unvaccinated girls, there were no other differences in sexual behaviour (Table 2) .
Sexual behaviour and views associated with HPV vaccination
The majority of both vaccinated and unvaccinated girls (97.3% vs. 98.2%) thought that HPV vaccination had not changed their sexual behaviour, 0.8% of the girls answered that use of condoms would not be needed to protect against STIs after HPV vaccination. However, 17% of the vaccinated and 26% of the unvaccinated replied that other girls would be inclined to use less condoms after vaccination. In addition, a higher proportion of vaccinated girls thought HPV could not be transmitted when using condoms.
General knowledge of HPV and HPV vaccination
Vaccinated girls were less aware that HPV vaccination does not protect against all HPV types, but were more aware that HPV vaccination does not protect against all STIs (Table 3 ). In general, few girls knew that HPV may cause genital warts (20%) and that most HPV infections clear on their own (5%). Approximately three quarters (73%) were aware that unprotected sex entails a higher risk of acquiring an HPV infection. More than 80% recognised that an HPV infection is a risk for cervical cancer and about 68% of the girls knew that an HPV infection does not always lead to cervical cancer. Also more than 80% knew that cervical cancer does not always lead to death. Depending on the question, a variable number of girls (9% to 63%) answered 'don't know'. The general knowledge score (one point for every right answer) was similar between vaccinated and unvaccinated girls.
Cervical screening
Vaccinated girls reported more often that their mother participated in the cervical cancer screening program, and that it would still be necessary to participate in such a program after being vaccinated. However, they were less aware of the existence of this program (Table 3) .
Knowledge on HPV infectiousness
Most girls were familiar with the association between unsafe vaginal sex and transmission of HPV. This knowledge was lower for other forms of sex, such as unsafe anal or oral sex. A low proportion knew that HPV could be transmitted via skin-to-skin contact or by stroking their partner's genitals ( Table 4 ). The HPV transmission knowledge score also showed no difference in univariable analysis.
Multivariable analysis of predictors for vaccine receipt
Variables whose association with vaccination status approached significance (P-value ≤0.1) were fitted in a multivariable logistic regression model ( Table 5 ). The factors that remained independently associated with being vaccinated were living in low urbanised areas, consuming alcohol, not being sexually active, using contraceptive methods and not being aware of the cervical cancer screening program. Additionally, girls ascribing to no religion and those who professed a Catholic faith were more likely to be vaccinated than those that were either Protestant or who belonged to another religion. Vaccinated girls were also more likely to report that their mothers participated in the cervical cancer screening program or not knowing their mother's participation status in this screening program.
Furthermore, considering perceptions of HPV, vaccinated girls thought more often that HPV vaccination protects against all HPV types and were less likely to think that girls would use condoms less frequently once vaccinated. Interestingly, more unvaccinated girls did not know that condoms were still needed after vaccination.
Discussion
This population-based study is one of the first that examined actual determinants for individual vaccine uptake instead of willingness to be vaccinated. Vaccinated and unvaccinated girls were comparable with regard to education, education of parents, ethnicity, most sexual risk behaviour and had similar scores on knowledge of HPV infection and HPV transmission. They differed with respect to characteristics such as urbanisation degree, religion, contraceptive use, number of lifetime sexual partners and importantly, their opinions on the use of condoms after HPV vaccination and the protection of vaccination against all HPV types. Studies in the Netherlands have shown that women who are non-Dutch nationals and have a lower socioeconomic status are less likely to participate in the cervical cancer screening program [14, 15] . These risk factors for non-attendance were not observed in this study for girls who chose not to be vaccinated. We found no relationship between uptake and ethnicity, nor education of the girl or their parents or SES score (both indicators of socio-economic status), which could suggest that the two programs might strengthen each other Another Dutch study also concluded that vaccination and screening (assessed by reported screening behaviour of the mother) complement each other to a large extent [25] .
Religion has influenced vaccination decision-making process since the beginning of vaccination efforts [26] .
Anti-vaccination proponents were most common in countries with a high proportion of Protestants [27] . In our study, identifying as a Protestant Christian was related to a lower vaccination uptake, as opposed to identifying as a Catholic or not following a religion. In addition to specific religious groups among the Protestant Christians (such as Orthodox reformed), the reluctance towards HPV vaccination might be extended amongst a broader group of Protestant Christians because of the link with a sexually transmitted infection. Participation in screening programs has not been found to be lower in Dutch regions with higher proportion of religious groups [25] , highlighting again the possible complementarity between screening and vaccination.
Contradicting results regarding the influence of HPV knowledge and perceptions on vaccination uptake have been reported [28] . Consistent with a Dutch study on acceptance of HPV vaccination [29] , we obtained no differences on vaccination uptake with regard to the general HPV knowledge score, nor on the HPV transmission Missing values are deducted from the total number of sexually active girls. knowledge score. Regardless of vaccination status, as many as 80% of the girls knew of the relationship between HPV and cervical cancer, which was similar to some other studies (81% Lenselink CH et al. [29] , 84% Gerend MA and Shepherd JE [28] , 85-93% Marlow LA et al. [30] program. In general, only 50% of the young girls in our study recognised that after an HPV vaccination it is still indicated to participate in the cervical cancer screening program (which takes place from age 30 onwards in the Netherlands). This fact has also been reported by Bowyer HL et al. [31] amongst a group of 15-16 year old girls, where only 47% was aware cervical screening is still necessary after vaccination. We also found that vaccinated girls were less aware of the fact that vaccination does not protect against all HPV types. The continued importance of cervical screening in the Netherlands has to be emphasised along with the benefits of HPV vaccination. The finding that vaccinated girls report more often that their mothers participate in the cervical cancer screening program seems somewhat contradictory to their lower awareness about this program. Paulussen TG et al. [32] reported that a major part of the population does not make a well thought decision with regard to vaccinations in the regular National Immunization Program). These parents regard vaccination as self-evident. Similarly, this might be so for a part of mothers with regard to participation in screening, which possibly results in less discussion on the topic and thus less knowledge among their daughters.
In our study, only 2-3% reported that HPV vaccination had changed their sexual behaviour in the first year after vaccination. However, Marlow LA et al. [33] found that one-third of adolescent girls interviewed, thought that HPV vaccination would make girls in general more likely to have unsafe sex. Swedish high-school students did not think it that they themselves would engage in more unsafe sex after HPV vaccination but that other girls might [34] . We found a similar opinion concerning anticipated risk behaviour and condom use. Nearly all girls reported that they would not reduce condom use after HPV vaccination (only 1% for both groups), but 17% (vaccinated) and 26% (unvaccinated) thought other girls would.
There were no significant differences amongst vaccinated and unvaccinated girls for reported condom use with a casual or steady partner. However, sexually active vaccinated girls were more aware of the risk of HPV infection when engaging in unprotected sex. Irrespective of vaccination status, only a quarter of the girls reported to always use condoms with a casual partner and 18% with a steady partner. In line with Mather T et al. [35] inconsistent or no condom use was reported by 50% of the girls with a casual partner. Although most of the girls (65%) in our study reported using other contraceptive methods, the risk of acquiring HPV or another STI through unprotected sex seems to be high in this population. Therefore, early HPV vaccination of 12-year-old girls will considerably decrease the risk of HPV infection at a later and more sexually active age.
With regard to other sexual risk factors we found that among the vaccinated sexually active girls, a somewhat lower mean number of lifetime sexual partners was reported. However, no differences were found for other sexual behavioural characteristics such as age of sexual debut and history of STIs. These results imply that girls who decided not to get vaccinated were not the ones with increased (sexual) risk behaviour. Thus in contrast to screening, where it has been found that more than half of the cervical cancer cases were found in women who did not attend screening, it seems that although these girls are not benefiting from vaccination, they have no disproportional disadvantage compared to vaccinated girls.
This study has several strengths. Firstly, it was a randomly selected, large, nationwide population-based study. Secondly, vaccination status was derived from a national vaccination database instead of being self-reported. Thirdly, we obtained information on the actual vaccination uptake instead of the intention to vaccinate. Although a limitation of this study was a relatively low response rate (15%), online surveys/questionnaires, while advantageous, are known for their average lower response rate compared to mail or telephone surveys [36, 37] . Similar or lower response rates were obtained in other studies directed to parents of girls targeted for HPV catch-up vaccination (16%-24%) [38] or to participants recruited from Praeventis (7%) [39] . The response was higher amongst vaccinated than unvaccinated girls (19% vs. 11%) similar to other studies [38] . In order to assess the effect of this response rate we determined if the characteristics of the study population were similar to those of girls in the general population, by comparing our data on education, ethnicity and age of sexual debut. Girls in our study were comparable with respect to sexual debut with another Dutch study [40] but were slightly higher educated than the general Dutch population (59% vs. 47%), and were more often not Dutch (4.7% vs.
3.3%) [41] . Nevertheless, our sample size was adequate for the proposed statistical analysis of association with vaccine uptake and the possible influence of differences in ethnicity and education were controlled for in the multivariable analysis. Finally, although we have no indications that our Only variables with a P-value less than 0.1 in the univariable analysis were entered.
c not significant in multivariable analysis, (P > 0.05) (not presented in Table) : HPV can be transmitted via a spoon, HPV can be transmitted when using condoms.
results are not applicable to 12-year old girls that are targeted in the routine HPV vaccination program, we cannot rule out that this might be somewhat different. That is, the decision-process towards vaccine uptake may be more influenced by parents/caregivers in this younger age group.
Conclusions
Routine HPV vaccination in the Netherlands has the potential to reduce the inequity of prevention of cervical cancer. In particular, vaccination uptake was not associated with factors that are known to be associated with non-attendance in the cervical cancer screening program, such as education and ethnicity. Furthermore, most sexual characteristics were comparable amongst both groups indicating that unvaccinated girls are probably not at higher risk of exposure to HPV compared to vaccinated girls. Although in general knowledge could be improved, the large majority of participants knew HPV caused cervical cancer suggesting an informed vaccination choice was made.
